Purpose: To search the place of non contrast abdominal computed tomography to detect the stone-free rate after percutaneous nephrolithotomy (PNL) and the clinical importance of its superiority against to plain film radiography (KUB). Materials and Methods: Between February 2006 and July 2010, 62 patients including 27 women had no stone detected peroperative fluoroscopy and nephroscopy during PNL were included. Patients whom stone was not detected under 5 mm section upper abdomen non contrast spiral CT and KUB control in postoperative day 3 were defined as Group 1; patients whom stone was detected in a single slice CT were defined as clinically insignificant fragment (CIF)(Group 2) and patients whom stone was detected at least in two slice were defined as rest fragment (Group 3). Results: Median stone size were 22.3 mm (19-37 mm). Preoperative stone localization of groups were upper calyx, middle calyx, pelvis, lower calyx and 2.1, 14.9, 25.5 and 57.4%, respectively. CIF was detected in postoperative CT control of 12 (25.5%) patients whom stone was not followed in KUB and rest fragment was detected in 6 (12.8%) patients. Three of patients whom rest fragment was detected required an additional intervention for stone. Conclusion: KUB which is routinely used to determine stone-free ratio after PNL operation is not sufficient to detect rest calculi and/or CIF existence in 38.3% patients. But when it is considered that most of rest stones detected
Introduction
Percutaneous nephrolithotomy (PNL) is an effective, minimally invasive procedure used for the treatment of large or complex renal calculi [1] . Residual fragments can be seen after PNL, which are most frequently present in the lower calyx group. Postoperative radiological evaluation for residual calculi is performed with different imaging techniques. The EAU Working Group Panel recommends that the selection of a stone-removing procedure should be based on the findings of a good-quality kidney-urine-bladder (KUB) graphy and computed tomography (CT) examination is necessary only for uric acid stones. CT is better than a standard plain abdominal film of KUB, which detects all small residual fragments. In literature, definition of residual fragment and cut off value are very different and imaging methods to detect residual fragments are very diverse, such as KUB, CT, flexible nephroureteroscopy, second look procedure etc. The clinical problem is related to the risk of developing were CIF and only 6.3% patients had additional intervention required rest calculi. We can think that CT follow-up is not absolutely required.
new stones from such nidi and stone related events with asymptomatic stone residuals. We searched the place of non contrast abdominal CT to detect the stone-free rate after PNL and the clinical importance of its superiority against to KUB.
Materials and Methods
From March 2009 to July 2010, we had 62 PNL cases in our centers and 11 of them were removed from the study due to rest calculus in postoperative scope and endoscopic inspection (Xray). Four patients were removed from the study because they had asked to continue their postoperative follow-up in another center. Inclusion criteria were observing no residual fragment on postoperative KUB after PNL. Fifty-one patients (53 renal units) undergoing PNL were included to study. Calculus that is bigger than 20 mm in kidney and the presence of kidney stones in the range of 10-20 mm that are non-responsive to extracorporeal shock wave lithotripsy were the PNL indications. CT and KUB were performed to all of the patients preoperatively and all of stones were radioopaque on KUB. PNL was performed to all of patients by 2 surgeons with amplatz dilatation set. All procedures were performed by urologist with high resolution Integra V5000 Carm (Phillips, Andover, Massachusetts, USA) in operation room. There are 27 male, 20 female patients in the study. Median age is 41.2 years (range 24-68 years). Six patients had multiple stones. Median stone size is 22.3 mm (range 19-37 mm). Overall operation time is 72 minutes (range 50-112 minutes). Multiple percutaneous accesses were applied in 5 patients. Preoperatively, stones were localized in upper calyx (2.1%), middle calyx (14.9%), pelvis (25.5%) and lower calyx (57.4%) respectively. Stone-free was determined with 2 surgeons based on scanning endoscopic rigid nephroscopy and simultaneous scope. Patients who had no residual calculus in both methods were included to the study. In this case, KUB and CT were performed on the 3rd day postoperatively and the results were categorized as stone-free (Group I), fragments smaller than 5 mm in the largest single dimension (clinical insignificant fragment, CIF) (Group II), fragments 5 mm and greater (residual fragment) (Group III) respectively. KUB was negative in all of groups. Negative postprocedure KUB was confirmed by intraprocedural endoscopy. Presences of colic and concomitant hydronephrosis that are not responsive to symptomatic treatment were interference indications during postoperative period. Interference treatment was performed to 3 patients on the 17th, 22nd and 29th days. One patient had no stone analysis. Flexible nephroscopy was not used in all of the patients. Exclusion criteria were presence of non opaque calculi and the finding of residual fragment on postoperative imaging (n = 11) (KUB) or intraoperative endoscopic inspection (rigid nephroscopy). Stone size was defined with the longest diameter of biggest stone on KUB or CT. In this study, noncontrast 64-slice Toshiba multislice Aquilion system (Toshiba Medical Systems, Tokyo, Japan) CT was performed using a 5-mm slice multidetector scanner. Patients were typically followed monthly postoperatively. High fluid intake and avoiding excessive intake of salt and animal protein were advised to all of the patients. All of patients were followed by history, physical examination, serum chemistry studies and urine culture when clinically indicated. Additional imaging method was not performed if it is not indicated postoperatively. Median follow-up was 3.4 months (range 3-5.7 months). Statistical analysis was performed by NCSS 2007 package program. Independent t test and chi-square test were used to compare groups. Statistical significance was set as p < 0.05.
Results
In 25.5, 12.8 and 61.7% of patients who underwent postoperative CT control, CIF, residual fragment and no stone were detected respectively. None of the Group I and II required additional treatment follow-up. Extracorporeal shock wave lithotripsy, double J stent and ureteroscopy were applied 50% (n = 3) of Group III on follow-up respectively (table 1). The other patients of Group III did not require intervention. There was no correlation between stone-free rate and multiple accesses (p < 0.06). There is no statistically significant difference in groups on account of gender, stone localization, stone analysis result, age, duration of operation, stone size, BMI and CIF, residual fragment, stone free ratio (table 2, 3). Determination of sensitivity could not be performed statistically significant for KUB, because KUB was negative all of patients.
Discussion
Historically the goal of PNL has been complete stone removal. The presence of any residual calculi usually indicated failure of the procedure [2] . Multiple factors determine the success rates of urological stone procedure such as stone size, composition, used imaging methods, location (lower pole) and other anatomical parameters [3] . The residual stone burden can result with significant morbidity and may result in risk of additional anesthesia and the potential morbidity of a second (or third) operation [4] . KUB is the primary method of radiographic follow-up in patients undergoing PNL. However the KUB has low sensitivity than CT for smaller calculi [5, 6] . So sometimes it requires complex postoperative imaging to avoid unnecessary additional procedures but detection of residual fragment and its benefits are controversial and can increase cost.
Endoscopic surveillance and CT are equally sensitive for detecting residual stones. Although CT is less expensive and avoids unnecessary endoscopic procedures in 20% of patients in adults, Osman et al. [7] compared KUB and ultrasound findings against the results of CT in adults treated with PNL. KUB and ultrasound correctly detected 40 and 37% of fragments detected on CT, respectively. When fragments smaller than 5 mm were detected on CT, the sensitivity of KUB and ultrasound was decreased to 15 and 31%, respectively [8] .
In one of early researches, 80 patients examined by CT, of whom 66 also underwent KUB following PNL. Sensitivity and negative predictive value of postoperative KUB could be calculated from their published data as 58 and 70%, respectively [9] . In another similar study that included 29 patients who underwent PNL, sensitivity and negative predictive value calculated to be 50, 47, 75 and 64% for KUB and plain tomography for large volume renal calculi respectively [10] . Pearle et al. [6] compared KUB and noncontrast CT against second look nephroscopy in 36 patients and second look nephrosocopy was found to be as gold standard. They found that the sensitivity and negative predictive value of KUB were 46 and 39%, respectively, while those of CT were 100% for both. But specificity for detected fragment was only 68% on CT [7] .
In our study we calculated specificity 61.7% for KUB and only 6.3% of patients required additional procedure. We performed 5-mm section multidetector scanner CT for all patients. Rates of detected CIF and residual fragments on CT are 66.6 and 33.4% respectively. Raman et al. [10] reported that if residual stones greater than 4 mm, second look flexible neproscopy is a cost advantageous practice and prevents secondary stone events that occur frequently. In contrast, for residual fragments 2 mm or less second look flexible neproscopy is neither clearly clinically indicated nor cost beneficial [11] . In our study 50 and 0% of residual fragments and CIF required additional procedure on follow-up respectively. Postoperative imaging had minimal advantage for identifying which patients required any procedure and the need for second procedure. But it has disadvantages like additional cost and exposure of radiation. However fluid intake, salt limitation and symptomatic therapy can potentially alter the natural history of residual fragments and CIF. These regimens reduce the likelihood of future stone events and preventing new stone formation.
The purposes of the study is to determine if rest calculus can be observed during CT and if they cause any clinical problems in the patients whose postoperative KUB and rigid nephroscopic scan indicate stone-free condition. Only CT and digital KUB data were compared for postoperative scans. Determination of the longest caliber in the study is only performing CIF and rest calculus differentiation. Because stones that are smaller than 5 mm are defined as CIF by EAU guideline, we used 5 mm incision range in the study.
The purpose of scans after PNL is to determine if additional interference is necessary. Our study was designed to answer the question that are patients, who are accepted as stone-free in postoperative KUB scan, completely stone-free and to have an idea about its clinical significance. The clinical significance of CIF determination is a rather controversial issue that no treatment apart from frequent follow-up is necessary. CIF determination after the operation didn't make any interference necessary during follow-up. But operation was necessary for half of the patients who are determined to have residual fragments in our study.
During postoperative scans, especially CT may give the doctor an idea about follow-up frequency of residual fragment and interference operation. But CT is certainly more expensive and causes more radiation exposure than KUB. The fact that only 6.3% of the patients needed interference treatment makes the necessity of this method questionable. This indicates the necessity of more frequent follow-up for the patients who had residual fragments.
Conclusion
Routinely, KUB is used to determine stone-free ratio after PNL but is not sufficient to detect residual calculi and/or CIF at 38.3% of patients. However we think that CT scan is not absolutely required on follow-up because only 6.3% of patients had required additional intervention. KUB is cost effective and safe on radio opaque calculi and reduces exposure of radiation on follow-up.
